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Spectrographic analyses of human skin, nails and hair have been confined for
the most part to a few isolated pathological specimens. Usually the analyses
were done in order to detect toxic metals such as lead, arsenic, and gold. Since
some metals are known to take part in enzymatic processes, many of which
occur in skin, it was considered important to determine the concentration of
these metals in that tissue. In this paper are reported the results of spectro-
graphic analyses of normal skin, nails and hair for 14 metals.
METHODS AND RESULTS
Specimens of skin, nails and hair were obtained from 18 normal white males ranging in
age from 15 to 70 years. All hair samples were dark brown, black or mixtures of these colors
with gray.
Punch biopsies were taken from normal skin of the scapular area with a one centimeter
chromium plated punch. Before biopsy the sites were cleaned with 95 per cent alcohol and
then anesthetized by subcutaneous injection of 0.5 per cent procaine hydrochloride. The
specimens were lifted with chromium plated forceps and the base cut with chromium plated
scissors at the junction of dermis and subcutaneous tissue. One quarter of the biopsy
material was fixed in 10 per cent formalin, stained with hematoxylin and eosin, and ex-
amined microscopically to make certain that the tissue was normal. The remaining skin
specimen was placed in a clean beaker, and the wet weight was determined. After heating
the specimen at 110°C for 24 hours, the dry weight was determined. The dry weight of each
specimen was approximately 10 mgm.
Nail specimens of about 100 mgin. weight, from the toes and fingers, and hair specimens
of approximately 170 mgm. weight, cut one inch from the distal end of the hair, were placed
in clean paper towels. The samples were put into 30 ml. bottles containing 10 per cent Tween
80 and shaken for 30 minutes on a mechanical shaker at 200 strokes per minute. The speci-
mens were then rinsed three times with double distilled water. In each rinse process the
mixtures were shaken for 10 minutes. The nails and hair were blotted with paper towels,
wrapped in dry towels, and stored in a calcium chloride desiccator for 48 hours. Dry weights
of these tissues were determined, and the specimens were analyzed spectrographically.
The separate samples of skin, nails and hair were placed in mineral-free pyrex cups and
covered with double distilled concentrated nitric acid. One ml. of a standard bismuth
solution was added. The mixtures were heated on a sand bath at 150°C until only a few drops
(approximately 5) remained. The digested solutions were placed on carbon electrodes,
using a pyrex rod, and allowed to dry. During ignition in an arc for 3 minutes, the light was
focused into a spectrograph and photographed on Eastman 33 spectrographic plates. Light
intensities of the spectrographic lines were measured with a microphotometer and then
compared with previously determined values obtained from analyses of krown quantities
of metals. By these methods the percentage concentration of 14 metals in the 18 specimens
of skin, nails and hair was obtained.
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RESULTS
Because great variations in the concentration of any given metal occurred in
different samples, attempts were made to reduce these differences by selecting
only those values grouped in the center of scattergram charts. A typical scatter-
gram plot is shown for iron in Figure 1. The logarithm of the percentage con-
centration of iron in each sample of skin, hair, and nails was plotted in a linear
fashion; and 9 of the 18 values grouped in the center of the distribution were
considered the approximate representation of the normal range. The ranges of
values within these groupings were recorded for each of the elements in Tables
I to III. The metals were divided into 3 groups as follows: calcium and phos-
phorus, metals known to be associated with some enzymatic process, and inert
metals which are not known to have any normal metabolic function.
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Fzu. 1. Distribution of iron in skin, nails, and hair samples
The relationships of these elements to one another are shown in Figures 2 and
3. In Figure 2 the metals are listed in decreasing order of percentage concentra-
tion in dry skin. The relative order of the metals in nails and hair is shown by
connecting lines. For example, the quantity of phosphorus in skin is greater than
that of calcium; but calcium is greater in nails and in hair than is phosphorus.
In Figure 3 the relative values of a metal in skin, nails, and hair are shown.
For example, the greatest concentration of phosphorus is in skin with less in
nails and least in hair. On the other hand, the least concentration of calcium
occurs in skin there being more in hair and most in nails.
It is interesting that calcium and phosphorus occur in ratio to one another as
in other tissues and that as the calcium content increases, the phosphorus con-
tent decreases, and vice versa.
From the data presented in Table II and Figure 2 it can be seen that the
metals associated with enzymes which are in greatest concentration in skin are
also greatest in nails and hair with the exception of the magnesium and copper
content of hair. However, the amounts of these metals in hair are so close that
the relationship may be the result of experimental error. If these metals were
tabulated on the basis of molecular weight rather than percentage, the relation-
ships would remain the same.
There is little correlation between the relative values of zinc, magnesium
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copper, iron, and manganese in skin, nails, and hair. Zinc occurs in greater
amounts in nails than in skin or hair. Magnesium occurs in the same concen-
tration in all three structures. Whereas the greatest concentration of copper is
in hair, iron occurs least in this structure. Manganese is greatest in nails.
Concentrations of some of these metals in other tissues have been reported
Studying normal individuals, Addink (1) found the zinc content of blood to be
0.0007 per cent and of liver 0.0053 per cent (dry weight), values similar to those
TABLE I
Calcium and phosphorus (per cent of dry tissue)
SRIN NAILS RAIl
P 2.81 X 10 to 1.03 X 101 8.2 X 10-' to 2.78 X 102
Ca 1.2 X 10-' to 4.9 X 10-' 9.4 X 102 to 5.9 X 10—'
2.58 X 10-' to 1.40 X 10-'
7.0 )< 10-' to 4.9 X 101
TABLE II
Metals associated with enzymes (per cent of dry tissue)
SRIN I NAILS RAIL
Zn
Mg
Cu
Fe
Mn
2.0 X 108 to 6.78 X 102
1.0 X 10-' to 1.5 X 10—2
7.43 X 10 to 8.8 X 10—2
9.0 X 10 to 5.9 X 10—'
2.4 X 10-' to 6.1 X 10
1.16 )< 10-2 to 3.08 X 10-'
2.3 X 10-' to 1.10 >( 10—2
9.4 X 10 to 8.1 X 10-'
1.8 X 10-' to 6.5 X 10-2
6.3 X 10' to 3.3 X 10
6.4 X 10-2 to 5.62 X 10-2
1.0 X 10' to 1.01 X 10—2
3.12 X 10-' to 1.28 X 10—2
8.4 X 10 to 1.1 x 10—2
1.0 X 10-' to 5.5 X 10—'
TABLE III
Inert metals (per cent of dry tissue)
SKIN NAILS RAIl
Si
Pb
B
Ti
Sr
Ag
Al
0.64 to 2.14
2.52 X 10—2 to 1.34 X 10—'
1.7 X 10—8 to 1.72 X 10—2
1.06 X 10 to 2.77 X 10
3.2 X 10-' to 4.5 X 10-°
1.7 X 10—8 to 4.5 X 10
5.3 x 10—11 to 4.5 x 10—'
1.7 X 10—1 to 5.4 X 10-'
9.7 X 10 to 2.4 X 10—2
7.0 X 10 to 6.0 X 10—2
1.63 X 10-s to 3.9 X 10
1.6 X 10—v to 3.3 X 10
4.8 X 10-' to 6.5 X 10-v
4.5 X 10" to 5.3 X 10—8
3 X 10—2 to 3.6 x 10—'
4.1 X 10-8 to 1.0 X 10-2
2.0 X 10-i to 8.0 X 10-i
3.2 X 10 to 6.4 X 10
2.2 X 10-' to 9.1 X 10
4.8 X 10-v to 4.5 X 10
5.5 X 10-12 to 2.1 X 10-'
of 0.002 to 0.068 per cent which we found in skin. Rost (2) found hair to con-
tain 0.009 per cent zinc, and we found 0.0064 to 0.057 per cent. The iron con-
tent of skin has been reported to vary from 0.0011 (3) to 0.0023 (4) per cent,
our values of 0.0009 per cent to 0.0059 per cent being in close agreement. Whereas
the iron content of black hair has been reported as 0.076 per cent and of brown
hair as 4.5 per cent (.5), our values of 0.000084 to 0.001 per cent for black hair
are considerably lower.
The values we obtained for magnesium in the skin, 0.001 to 0.015 per cent,
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are much higher than the 0.00003 per cent reported by Brown (6). On the other
hand, our values for hair of 0.001 to 0.01 per cent are much lower than Besenz's
(5) 0.83 per cent for black hair and 1.8 per cent for red hair.
McCrae (7) found 0.0012 to 0.00016 per cent manganese in hair compared to
the 1.0 X 10 to 5.5 X 1012 per cent which we found.
Calcium and Phosphorus Metals Aasociated with Enzymes Inert Metals
$ N H S N H S N H
I. Zn o—°——Q I. Si o———-°
1. Mg o—oO 2. Pb O--—-.G0
3. Cu 3. B o—o--—-——O
4. Fe w—o——-----O 4. T o—o—-—.--—O
5. Mn o—-——--o—---———O 5. Sr o.—.--——o---—-——o
6 Ag o—o—---—-——-o
7. A o—.---—o——-—--O
Fia. 2. Relative order of concentration of metals in skin, nails, and hair
Ca and P Metals Associated with Enzymes Inert MetaLs
S N N S N H S N H
Zn
____o_, Si
Mg Pb
Fe Ts
Mn Sr
Ag
Al
Fia. 3. Relative quantitative values
Flesch's values for copper in white human epidermis and dermis ranged in
value from 0.00297 per cent to 0.0187 per cent and 0.0012 per cent to 0.0035
per cent respectively. Our values for copper in the skin (epidermis and dermis)
ranged in value from 0.00074 per cent to 0.0088 per cent.
Lerner's values for copper in black hair ranged from 0.0013 per cent to 0.0044
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per cent (9). Our values for copper in black hair ranged from 0.0031 per cent to
0.013 per cent.
The concentration of inert metals in skin, nails and hair is given in Table
Ill, and the relationships of these metals to one another are shown in Figures
2 and 3. A consistent finding is that the metals greatest in skin are also greatest
in nails and hair. If the inert metals listed in Figure 2 were tabulated on a
molecular basis, boron would be found in greater quantities than lead in all
three tissues.
In general it appears that the inert metals are present in greatest concentration
in skin, less in nails, and least in hair. A single exception is silver, which is most
highly concentrated in nails, less in hair and least in skin. Strontium is con-
stant in the three tissues, and aluminum is less in hair than in skin or nails.
DISCUSSION
By spectrographic analysis, quantitative values for 14 metals in skin, nails,
and hair were obtained. Three metabolically important metals—sodium, po-
tassium, and sulfur—could not be determined with much accuracy. The values
for sodium and potassium in skin have been obtained by fiamephotometer
measurements (10). The quantity of sulfur in keratin-containing structures has
been found by chemical methods. By means of spectrographic analysis, the qual-
itative determinations of metals are not precise. Ten to one hundred-fold varia-
tions are common, and often much greater ones are obtained. Hence, although
spectrographic studies are useful for the detection of a toxic metal, such as
arsenic, they are at the present time of little help in the discovery of small
variations in metals seen in many metabolic disorders. However, the technic
can be used to good advantage to determine the approximate range of the quan-
tities of the metals in normal skin, nails, and hair. To determine the small vari-
ations of the concentration of metals in abnormal skin, nails, and hair, chem-
ical or flamephotometer studies would be required. However, it is felt that
when the spectrographic procedures are standardized, the quality of the data
obtained will be at least as good as that of any other method.
Upon initial random listing of the values for these metals, it seemed that no
correlation existed between the elements in skin, nails, and hair. However, upon
division of the metals into the three groups of calcium and phosphorus, metals
associated with enzymes, and inert metals, some interesting relationships ap-
peared as shown in Figures 2 and 3 and discussed previously.
It is of interest that some of the inert metals, metals without any known met-
abolic function, are present in relatively large quantities in the tissues studied.
In general these metals occur in greatest quantities in skin, less in nails,
least in hair.
Further work on this problem is indicated. It would be valuable to know more
accurately the concentration of these metals in skin, nails, and hair. In addition,
it would be interesting to study these metals in the separated epidermis and
dermis. These investigations could then be extended to abnormal skin, nails,
and hair.
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SUMMARY
The quantitative values of 14 metals (calcium, phosphorus, zinc, magnesium,
copper, iron, manganese, silicon, lead, boron, titanium, strontium, silver, and
aluminum) in 18 samples of normal skin, nails, and hair were obtained by spec-
trographic analysis.
By arbitrarily dividing the metals into three categories, namely, calcium and
phosphorus, metals associated with enzymes, and inert metals, it was possible
to demonstrate some correlation of the content of these metals in skin, nails,
and hair.
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